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Abstract: Surface rupture and slip from the Mw 7.8 2016 Kaikōura Earthquake have been mapped in the region between the Leader and Charwell rivers using field mapping and LiDAR data. The eastern Humps, north Leader and Conway-Charwell faults ruptured the ground surface in the study area. The E-NE striking ‘The Humps’ Fault runs along the base of the Mt Stewart range front, appears to dip steeply NW and intersects the NNW-NNE Leader Fault which itself terminates northwards at the NE striking Conway-Charwell Fault. The eastern Humps Fault is up to the NW and accommodates oblique slip with reverse and right lateral displacement. Net slip on ‘The Humps’ Fault is ≤4 m and produced ≤4 m uplift of the Mt Stewart range during the earthquake. The Leader Fault strikes NNW-NNE with dips ranging from ~10° west to 80° east and accommodated ≤4 m net slip comprising left-lateral and up-to-the-west vertical displacement. Like the Humps west of the study area, surface-rupture of the Leader Fault occurred on multiple strands. The complexity of rupture on the Leader Fault is in part due to the occurrence of bedding-parallel slip within the Cretaceous-Cenozoic sequence. Although the Mt Stewart range front is bounded by ‘The Humps’ Fault, in the study area neither this fault nor the Leader Fault were known to have been active before the earthquake. Fieldwork and trenching investigations are ongoing to characterise the geometry, kinematics and paleoseismic history of the mapped active faults.










The Kaikōura Earthquake on 14th November 2016 produced a complex array of fault ruptures which propagated north-eastward for about 180 km from an epicentre on the Waiau Plains in north Canterbury (Hamling et al, 2017; Litchfield et al., in review). Surface ruptures and slip of up to 12 m occurred on NE-SW striking faults in the Marlborough Fault System and the north Canterbury (tectonic) domain. Northeast-striking faults were known to be active prior to the earthquake, and include the Kekerengu Fault, ‘The Humps’ Fault and the Jordan Thrust. Displacement also occurred on several approximately N-S striking faults, including the Leader Fault, which were typically not known to be active before the 2016 earthquake (Litchfield et al., in review). Collectively these two main fault sets produce an interconnected fault network.





Figure 1: Preliminary map of fault surface ruptures in the 2016 Kaikōura earthquake (red lines); active faults indicated by grey lines. Approximate positions of Leader (left) and Charwell (right) rivers are indicated by light blue lines. Study area lies between these two rivers.. Figure modified from Stirling et al. (2017).








Surface ruptures in the study area are complex, comprising many short (≤4 km) fault traces that often bifurcate with mainly strike-slip, oblique reverse or thrust displacements. The ‘The Humps’, Leader and Conway-Charwell faults are the primary structures in the study area. 

‘The Humps’ Fault is the southwest-most surface rupture of the Kaikōura Earthquake. It strikes east to northeast and extends for ~32 km from a free tip on the western edge of the Emu Plains to its junction with the Leader Fault at the base of the Mount Stewart range in the study área (Figure 1). ‘The Humps’ Fault strikes at ~050° and dips steeply to the NW along the Mt Stewart range front. The primary fault trace along the base of the range partially follows the contact between Torlesse basement and overlying Miocene Greta Formation. Uplift of the range indicates vertical displacement on the fault system at depth. A maximum of 4-5 m earthquake vertical displacement has been recorded along this section of the fault. 

The Leader Fault in the study area can be divided into four parts separated by two left bends and one right bend with widths of 1-3.5 km (Figure 2). The southernmost left bend coincides with the Leader-Humps intersection south of which the main surface rupture approximately coincides with the contact between Torlesse basement and Cretaceous cover rocks which dip westwards at ~10-30°. North of the fault intersection the main ruptures are contained entirely within Torlesse basement and strike sub-parallel to basement bedding. Therefore, the geometry of the Leader Fault, both at the surface and in the sub-surface beneath Cretaceous-Cenozoic cover stratigraphy, may be controlled by the locations and geometries of planes of weakness in basement.
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Figure 3: Left-lateral reverse rupture on the north Leader fault. The Doone Station. Image courtesy of Kate Pedley.




